The photoacoustic cell is the heart of the nondestructive photoacoustic method. This article presents a new simple lumped-components CRLC model of the Helmholtz type photoacoustic cell. This model has been compared with the well known literature models describing the Helmholtz type cells for photoacoustic spectroscopy. Experimental amplitude and phase frequency data obtained for the two photoacoustic cells have been presented and interpreted in a series of models. Results of the fitting of theoretical curves, obtained in these models, to the experimental data have been shown and discussed.
Introduction
Nowadays nondestructive photoacoustic spectroscopy has become an important tool for investigations of properties of materials widely used in the industry. Photoacoustic spectroscopy was successfully applied for gas detection [1] , liquid measurements [2] or solid state investigations [3] . This method is based on acoustic wave generation resulting from the absorption of an intensity-modulated laser beam in the sample. The first theoretical background of the photoacoustic effect was presented by Rosencwaig and Gersho [4] . General requirements concerning the apparatus for measurements of the photoacoustic effect were presented in paper [5] . In the photoacoustic method a special cell with a microphone as the detector is used. The resonant Helmholtz cell [6] is one of the most often used cells in photoacoustics. The pressure response of the photoacoustic cell can be simulated by an electrical circuit with R, L and C electrical components. There are a few well known models describing this type of the photoacustic cell [7] [8] [9] [10] [11] . However results of simulations obtained using these models are different i.e. they exhibit different frequency amplitude and phase characteristics. In the literature there also other alternative models are known. An improved transmission line model and a transmission line model after conversion of the line into a T-section are presented in paper [12] . A loss-improved electro-acoustical model has been described in paper [13] . In this work we present a comparison of the results obtained in different literature CRLC lumped components models, describing the Helmholtz type cells for photoacoustic spectroscopy. A new simple model is described and proposed in this paper.
Theory
In this section theoretical basics of several CRLC literature models have been presented and discussed. The new proposed model of a Helmholtz cell is also presented and discussed.
The Helmholtz resonator cell is an acoustic system of two volumes connected by a thin channel. A schematic diagram of an example of this cell type is presented in Fig.1 . When the acoustic wavelength is much larger than the cell dimensions, the resonant system can be described by the electrical analog circuit presented in Fig.2 . A model of Morse, Malecki:
Beam of light
A model of Blitz:
A model of Nolle, Zyszkowski:
A model of Kastle, Sigrist:
A model of Mattiello:
In this paper we propose a different model describing the electrical parts of the CRLC circuit.
Where: l is the resonant channel length, r is the channel radius, ρ is air density, M is the mole mass of the gas, Vi is the volume of the photoacoustic cell (i=1) and microphone chamber (i=2), Na is the Avogadro number, k is the Boltzman constant, T is the gas temperature, κ=cp/cv, ω is circular modulation frequency of the intensity of the laser beam and η is air viscosity.
To compare the proposed model with the other models it was necessary to normalize variables describing the individual components. In this situation we wrote the velocity of sound in a different form, expressed by the physical parameters of air (7) (8) (9) (10) .
All values of physical constants and parameters of air used for computations in this paper have been presented in Tab.1. Table 1 . Physical constants and air parameters used in this paper.
Constant name
Constant dimension The amplitude and phase frequency characteristics of the photoacoustic (PA) signal with the use of the Helmholtz type cell, in the CRLC model, can be expressed as:
The collection of formulae describing the resonant frequency in different models is presented in Table 2 . Table 2 . Formulae for the resonant frequency in different models. [14] . In this case the transmission line model with loss corrections of Starecki could be used [13] .
Authors of the model

Resonant
Experimental results
For the comparison of the discussed models we used two different photoacoustic cells and performed frequency PA amplitude and phase measurements for the thermally thick black carbon sample.
Dimensions of the first Helmholtz cell were the following: r1=3 mm, h1=3 mm for the main chamber, r=0.6 mm and d=15 mm for the channel, and r2=6.3 mm, h2=1.5 mm for the microphone chamber. This cell is described elsewhere [15] . This cell was used successfully for wide spectra of different photoacoustic investigations [16] [17] [18] .
The experimental and theoretical amplitude and phase PA frequency characteristics obtained for this cell are presented in Figs.3 and 4 . For a better comparison the second PA cell has been used. Dimensions of the second PA cell were the following: r1=4 mm, h1=2 mm for the main chamber r=0.2 mm and d=3 mm for the channel and r2=2 mm, h2=2 mm for the microphone chamber. In this cell a standard electret microphone has been used. The experimental and theoretical values of resonant frequencies computed for the second PA cell, for different models, are presented in Table 4 . 
Conlusions
In this work we propose a new, simple lumped-components CRLC model describing the Helmholtz photoacoustic cell. The comparison of amplitude and phase PA theoretical characteristics, computed for a series of literature models of the PA resonant Helmholtz cell, with the experimental PA characteristics obtained for two, designed and performed, Helmholtz cells whose dimensions were well known, proved that the proposed model enables the best fitting of both theoretical curves to experimental frequency characteristics and the experimental resonant frequency of the cell.
